Introduction
============

Central serous chorioretinopathy (CSC) is characterized by a serious detachment of the neurosensory retina at the posterior pole, caused by active retinal pigment epithelial (RPE) leakage.[@b1-opth-6-1639] Even though the disease is considered self-limited with a good natural prognosis, many cases present chronic and/or recurrent subretinal fluid (SRF), which leads to severe RPE, photoreceptor damage, and visual impairment.[@b2-opth-6-1639]--[@b5-opth-6-1639] An increased inner-choroid permeability is considered the primary abnormality of the disorder, leading to RPE elevation and disruption, and finally a serious retinal detachment.[@b6-opth-6-1639] Thermal laser has been used in the treatment of CSC, applied at the focal leaking areas as evaluated in fluorescein angiography (FA), and it has been proven effective in accelerating the absorption of SRF.[@b7-opth-6-1639],[@b8-opth-6-1639] However, the benefits from laser photocoagulation in chronic CSC cases are controversial.[@b6-opth-6-1639],[@b9-opth-6-1639]

Photodynamic therapy (PDT) has been applied in the treatment of chronic CSC, providing satisfactory functional and anatomical outcomes.[@b10-opth-6-1639]--[@b13-opth-6-1639] Studies have shown that PDT induces choroidal vascular narrowing and remodeling and reduces the choroidal perfusion and subsequently the choroidal exudation.[@b14-opth-6-1639]--[@b16-opth-6-1639] Nevertheless, the treatment of chronic cases with multiple leaking areas and severe widespread RPE decompensation remains challenging. Most of the cases of chronic CSC treated with PDT and presented in the literature are cases with a relatively well-preserved RPE despite the chronicity of the disease. We report our results on the treatment of severe chronic CSC cases that presented multiple areas of RPE decomposition at baseline and consequently were treated with multiple PDT spots within the same session.

Materials and methods
=====================

In this retrospective study, we reviewed the medical records of CSC patients treated with PDT. Inclusion criteria were: (1) subfoveal fluid accumulation, as documented by optical coherence tomography (OCT), for more than 6 months; (2) multiple areas of RPE decompensation (defined as early RPE transmission defect and late "oozing" in FA[@b3-opth-6-1639]) with or without focal leaks (defined as discrete hyperfluorescent pinpoints in early FA that increase in size and intensity in the late phase[@b17-opth-6-1639] at the posterior pole as evaluated in FA); (3) abnormal dilated choroidal vasculature and choroidal vascular hyperpermeability in indocyanine green angiography (ICGA); and (4) best-corrected visual acuity (BCVA) ≥20/400. Exclusion criteria were: (1) history of previous treatment with thermal laser or PDT; (2) history of intraocular surgery within the last 6 months; (3) chorioretinal diseases like age-related macular degeneration, polypoidal choroidal vasculopathy, high myopia, diabetic retinopathy, vein occlusion, uveitis, or hereditary dystrophies; and (4) evidence of choroidal neovascularization. Informed consent was obtained from all patients.

Patients were examined at baseline, 3, 6, 9, and 12 months, and every 6 months thereafter. At baseline examination and in every visit during the follow-up, each patient underwent a complete ocular examination, including BCVA using standard Snellen charts, contact lens fundus biomicroscopy, OCT imaging (Stratus \[Carl Zeiss Meditec, Dublin, CA\] or Cirrus \[Carl Zeiss Meditec\]), color and red-free photography, and fundus autofluorescence (AF) and FA using the Topcon IMAGEnet 2000 digital imaging system with TRC-50 IA fundus camera (Topcon, Tokyo, Japan). ICGA was performed at baseline, 3 months, and every 6 months thereafter.

PDT was performed according to the protocol of the Treatment of Age-Related Macular Degeneration with Photodynamic Therapy (TAP) study.[@b18-opth-6-1639] A 6-mg/m^2^ infusion of verteporfin (Visudyne; Novartis, Bülach, Switzerland) over 10 minutes was followed by delivery of diode laser at 689 nm for 83 seconds at 15 minutes after the start of the infusion. A total light energy of 50 J/cm^2^ and a light-dose rate of 600 mW/cm^2^ were applied. During the procedure, the leaking areas causative of the subfoveal SRF were treated first. Subsequently, we treated the leaking areas causative of extrafoveal or even extramacular -- but within the vascular arcades -- SRF accumulation, if existent. Retreatment was performed in cases of persistent or recurrent active leakage in FA associated with subfoveal SRF in OCT at least 3 months after the previous PDT. Cases with a dry fovea and persistent or recurrent extrafoveal or extramacular SRF were not eligible for retreatment. To improve the accuracy of the treatment, and to avoid overlapping of the spots, a mapping of the areas to be treated was performed based on the FA. The spot size was limited to the area of RPE decompensation or focal leak, with an additional 200 mm covering the borders on each side.

All visual acuities were converted to the logarithm of the minimum angle of resolution (logMAR) before analysis for statistical purposes. Due to the small number of patients, the Wilcoxon matched-pairs test was used for the statistical analysis of the data. A *P*-value less than 0.05 was considered to be the threshold for significance.

Results
=======

Twenty-one eyes (17 patients) were treated with PDT between April 2003 and May 2010. There were twelve men and five women. The median age at presentation was 56 years (range, 39--82) and the median follow-up time was 24 months (range, 12--73). In fourteen eyes (66.66%), two PDT spots were performed within the same session. In three eyes (14.28%), three PDT spots were performed, in two eyes (9.52%) four spots, and in two eyes (9.52%) five spots ([Table 1](#t1-opth-6-1639){ref-type="table"}). The median size of the PDT spots was 1875 μm (range, 800--5100). In five cases, the PDT spot involved the fovea. In 17 eyes (80.95%), the leakage in FA and the SRF in OCT disappeared after only one session of PDT, presenting no recurrence until the end of follow-up time ([Figure 1](#f1-opth-6-1639){ref-type="fig"}). In four eyes (19.05%), a second session -- with only one spot -- of PDT was required due to either persistent leakage and subfoveal SRF 3 months after the first session (three eyes) or recurrence of leakage and subfoveal SRF almost 3 years after the first PDT (one eye) ([Table 1](#t1-opth-6-1639){ref-type="table"}).

The median BCVA at baseline was 20/63 (0.5 logMAR) (range 20/400 \[1.3 logMAR\] to 20/25 \[0.1 logMAR\]). At 3-month follow-up, median BCVA presented a statistically significant improvement to 20/40 (0.3 logMAR) (range 20/200 \[1.0 logMAR\] to 20/20 \[0.0 logMAR\]) (*P* = 0.0002). At 6 months, median BCVA was 20/32 (0.2 logMAR) (range 20/63 \[0.5 logMAR\] to 20/20 \[0.0 logMAR\]), presenting an extremely significant improvement compared to the baseline (*P* \< 0.0001) and to 3-month values (*P* = 0.0001). At 12-month follow-up, median BCVA was 20/25 (0.1 logMAR) (range 20/63 \[0.5 logMAR\] to 20/20 \[0.0 logMAR\]), presenting an extremely significant improvement compared to the baseline (*P* \< 0.0001) and to 3-month values (*P* = 0.0001) and an insignificant difference compared to 6-month values (p: 0.62). At the last visit, median BCVA was 20/25 (0.1 logMAR) (range 20/63 \[0.5 logMAR\] to 20/20 \[0.0 logMAR\]) presenting an extremely significant improvement compared to the baseline (*P* \< 0.0001) and 3-month values (*P* \< 0.0001) and an insignificant difference compared to 6-month (*P* = 0.09) and 12-month values (*P* = 0.12) ([Figure 2](#f2-opth-6-1639){ref-type="fig"}).

No serious ocular or systemic adverse events were reported. Two patients complained of a central scotoma after the treatment (in both cases, the PDT application had involved the fovea), which disappeared before the 3-month examination. Choroidal hypoperfusion corresponding to the PDT spots was observed in neither of these two cases, nor in any other patient, in the ICGA performed 3 months post-PDT. Finally, based on the AF and FA images, we did not observe any worsening of the RPE atrophies in the areas corresponding to the laser spots after the treatment and until the end of the follow-up ([Figures 1](#f1-opth-6-1639){ref-type="fig"} and [3](#f3-opth-6-1639){ref-type="fig"}).

Discussion
==========

Since an increased choroidal permeability was proposed as the primary abnormality that finally leads to serous detachment in CSC, many studies have been published on the use of PDT for the treatment, in most cases, of the chronic form of the disease.[@b10-opth-6-1639]--[@b13-opth-6-1639] Yannuzzi et al treated 20 eyes with chronic CSC using ICGA-guided PDT.[@b10-opth-6-1639] After a mean follow-up of 6.8 months, mean visual acuity improved by 0.55 lines, an amount that was marginally significant, while 60% of the eyes had a complete resolution of the macular SRF. Cardillo Piccolino et al treated 16 eyes also with ICGA-guided PDT and the patients were observed for 6--12 months.[@b11-opth-6-1639] Visual acuity improved in eleven eyes, while macular exudation resolved in 13 eyes (81%). Even though ICGA-guided PDT is a common technique for the treatment of chronic CSC, we decided to apply PDT in our patients based on fluorescein angiography. The reason was that these selected cases had not only subfoveal SRF for a period longer than 6 months but also widespread and multiple areas of RPE decompensation. On the contrary, most of the cases of chronic CSC included in previous studies presented milder atrophies and better-preserved RPE, as one can assume from the FA images.[@b10-opth-6-1639],[@b11-opth-6-1639] We considered that in our cases with severe chronic CSC, an application of ICGA-guided PDT to the multiple areas of choroidal hyperpermeability would lead to treatment of a wide area of the posterior pole, carrying the risk of worsening an already seriously damaged RPE. Even though PDT is considered to primarily act on the choriocapillaris, Cardillo Piccolino et al have reported post-treatment RPE changes where the PDT spot was applied in 31% of the cases.[@b11-opth-6-1639] In two cases, the changes occurred in areas that had normal RPE before treatment. Moreover, studies based on multifocal electroretinogram and electrooculography have shown that PDT may lead to at least a transient reduction of retinal function.[@b19-opth-6-1639],[@b20-opth-6-1639] Additionally, it is well known that the areas of choroidal hyperpermeability are not necessarily associated with FA leakage. Yannuzzi et al noticed that most of their patients had ICGA leakage without any clinical manifestations or FA findings.[@b10-opth-6-1639] Based on the aforementioned considerations, we focused our laser only on the areas of active leakage on FA in order to reduce as much as possible the diameter of the spot and the risk of retinal damage.

As our severe chronic cases had many leaking areas associated with SRF, we had to perform many laser applications, starting from the leaking points closer to the fovea. In order to attain more accurate results, a mapping was designed for every eye and used as a guide for the multiple laser spots. Our protocol had beneficial outcomes for the treatment of these severe chronic CSC cases, as median BCVA improved throughout the first 6 months of follow-up and thereafter remained improved until the end of a median follow-up time of 24 months. The anatomical results were also encouraging, as in 80.95% of cases the leaking areas and the SRF disappeared after one session of PDT, and in only four cases a second PDT was applied due to persistent or recurrent leakage and subfoveal SRF. FA-guided PDT has been used in the past for the treatment of chronic CSC. Taban et al treated five eyes, and after a mean follow-up of 10 months, they observed a reduction of subretinal fluid associated with improvement of visual acuity in all cases.[@b12-opth-6-1639] Koytak et al treated eight eyes with half-dose FA-guided PDT, and the patients were followed for at least 12 months.[@b13-opth-6-1639] Seven eyes had improved vision, while six eyes had complete resolution of macular SRF 1 year after treatment. The author mentioned that cases with diffuse decompensation of RPE -- such as the cases in our study -- were excluded from their study group.

Half-fluence or half-dose PDT has been implicated in the treatment of chronic CSC in order to reduce the possible side effects of the therapy.[@b13-opth-6-1639],[@b21-opth-6-1639]--[@b24-opth-6-1639] Indeed, half-fluence seems to reduce post-PDT choroidal hypoperfusion, while studies based on multifocal electroretinography and microperimetry have shown that half-dose and half-fluence PDT have a good safety profile.[@b21-opth-6-1639]--[@b24-opth-6-1639] In our study, as the laser spots were focused only on the FA leaking areas -- and not on the larger areas of choroidal hyperpermeability, based on ICGA, as in most of the half-dose or half-fluence studies[@b21-opth-6-1639]--[@b24-opth-6-1639] -- we preferred the standard parameters of PDT over any other promising-but-not-yet-established protocol. The small size of our spots probably explains the lack of any permanent post-PDT choroidal hypoperfusion or worsening of the RPE atrophies. Of course, as the patients were followed up every 3 months and after the first year every 6 months, a transient hypoperfusion might have occurred and disappeared before the next examination.

Limitations of our retrospective study were the small number of patients and the lack of a control group of ICGA-guided and/or reduced-fluence treatment. Nevertheless, our results showed that FA-guided PDT is a safe and effective treatment for severe chronic cases of CSC associated with multiple areas of RPE decompensation and subretinal fluid. Larger prospective studies are necessary to evaluate the longterm functional and safety results of the therapy.
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![(**A**) Fluorescein angiography (FA) showing multiple areas of retinal pigment epithelium decompensation. The lines (**B**--**D**) correspond to the optical coherence tomography (OCT) scans with the same letter. OCT revealed foveal and perifoveal accumulation of subretinal and intraretinal fluid. The circles represent the area where the photodynamic therapy (PDT) spots where applied. The numbers indicate the order in which the PDT spots were performed. The FA (**E**) performed 12 months after the PDT session shows retinal pigment epithelium atrophies but not leakage. The OCT scans (**F**--**H**) performed on the same areas as the scans before treatment revealed no fluid.](opth-6-1639f1){#f1-opth-6-1639}

![Change of median visual acuity (logMAR) from baseline until the last examination.\
**Abbreviations:** BCVA, best-corrected visual acuity; F--U, follow-up; m, months.](opth-6-1639f2){#f2-opth-6-1639}

![(**A**) Fundus autofluorescence of the case presented in [Figure 1](#f1-opth-6-1639){ref-type="fig"}, showing widespread and multiple areas of retinal pigment epithelium atrophies at baseline. (**B**) Twelve months after the photodynamic therapy treatment, no significant worsening of the atrophies is observed.](opth-6-1639f3){#f3-opth-6-1639}

###### 

Number of photodynamic therapy spots and sessions

                                                                    No of eyes (%)
  ----------------------------------------------------------------- ----------------
  **No of PDT spots**[\*](#tfn2-opth-6-1639){ref-type="table-fn"}   
  2                                                                 14 (66.66)
  3                                                                 3 (14.28)
  4                                                                 2 (9.52)
  5                                                                 2 (9.52)
  **No of PDT sessions**                                            
  1                                                                 17 (80.95)
  2[†](#tfn3-opth-6-1639){ref-type="table-fn"}                      4 (19.05)

**Notes:**

Within the same PDT session;

due to persistent or recurrent leakage and subfoveal fluid.

**Abbreviation:** PDT, photodynamic therapy.
